Erythrocytes from patients suffering from acute lymphoid leukaemia (ALL) show decreased proportions of spectrin tetrameters and altered spatial distribution of band 4.1 and ankyrins. These abnormalities of the cytoskeleton are probably responsible for altered membrane fluidity and transbilayer distribution of phosphatidylethanolamine in ALL. ALL is associated with severe anaemia and usually, but not always, with overproduction of lymphocytes. To our knowledge, this is the first report of abnormalities in the erythrocyte membrane in ALL which may, in part, be responsible for the observed anaemia.
INTRODUCTION
The molecular architecture of the erythrocyte membrane displays an asymmetric lipid bilayer, with aminophospholipids mainly confined to the inner leaflet and choline phospholipids to the outer leaflet [1] . Underlying this bilayer, there is a protein network called the membrane skeleton, which is responsible for maintaining the discoid shape and mechanical stability of erythrocytes [2, 3] . The skeleton is composed primarily of spectrin tetramers, actin, band 4.1 and some other minor proteins. The lipid bilayer and the cytoskeleton are held together mainly by two proteins, ankyrin and band 4.1 [4, 5] . An ATP-dependent protein has been shown to be involved in the selective accumulation of aminophospholipids in the inner leaflet of the bilayer of human erythrocytes [6] . Specific interactions between aminophospholipids and skeletal proteins stabilize the bilayer asymmetry [7] [8] [9] . Defects and deficiencies in the skeletal components have been described in certain hereditary haemolytic anaemias, where they give rise to mechanically and/or thermally unstable erythrocytes [10] with shortened life-spans. Important defects in spectrin dimer self-association have been identified in hereditary elliptocytosis [11] and pyropoikilocytosis [12] . Alterations in the association of cytoskeletal proteins and marked structural changes in the membrane lipid asymmetry may lead to important biological and clinical consequences, as evidenced in the case of malaria parasite-mediated infection [13] and sickle-cell anaemia [14] . Acute Gratzer [16] .
Erythrocyte ghosts in 1 mM-Tris/HCl, pH 8.0, containing 0.1 mM-EDTA and 0.1 mM-phenylmethanesulphonyl fluoride were dialysed against the same buffer for 20-24 h at 4 'C. Membranes were sedimented and the supernatants were fractionated on a Sepharose-4B column equilibrated against the same buffer. Crosslinking with DMA Ghosts were treated with the bifunctional crosslinking agent DMA as described by Ji & Nicholson [17] . Ghosts in Tris-buffered saline (10 mM-Tris/HCl/0. 15 and Ih are the intensities of the vertically and horizontally polarized components respectively [19] . Trinitrophenylation of erythrocytes Erythrocytes were labelled with TNBS as described by Gordesky et al. [20] . Cells were suspended in 120 mMNaHCO3/1.5 mM-TNBS, pH 8.6, for 1.5 h at 20 'C. Incubations were carried out in both the presence and the absence ofan anion-channel-protein inhibitor, DTNB [21, 22] . The cells were then washed to remove unreacted TNBS, lysed with 12 mM-NaHCO3/4 mM-NaCl, and the membrane pellet was extracted with chloroform/methanol/0.1 M-HCl (10: 10:9, by vol.). The organic phase Elution volume (ml) Fig. 1 4°C for a prolonged period (24-48 h) and subsequent fractionation on Sepharose 4B leads to three major peaks attributable to the spectrin-actin-band 4.1 complex, tetrameric spectrin and dimeric spectrin respectively [23] . Supernatants from ALL ghosts treated similarly in low-ionic-strength buffer showed a considerable amount of spectrin dimer formation and reduced tetramer formation, compared to normal ghosts (Fig. 1) . A reduced proportion of spectrin tetramers and an increased proportion of dimers has been observed in several cases of hereditary haemolytic anaemia [11, [24] [25] [26] [27] . This is usually associated with loss of mechanical stability and reduced deformability of erythrocytes [28] . Crosslinking with DMA The arrangement of skeletal proteins in the erythrocyte ghosts was studied using a bifunctional crosslinking agent, DMA, with a span of 0.86 nm. ALL ghosts showed decreases in the amounts of bands 2.1, 2.2, 2.3 and 4.1, and the formation of high molecular mass proteins which could not penetrate the gel (Fig. 2) . At the same concentration of DMA, normal ghosts failed to show any crosslinking of these bands. This suggests a spatial redistribution ofthe skeletal proteins in ALL erythrocytes so that they become crosslinkable by DMA. Fluorescence polarization studies Band 4.1 and ankyrin are mainly responsible for anchoring the cytoskeleton to the lipid bilayer. Protein 4.1 is also known to bind preferentially to the cytoplasmic leaflet phospholipids [29] . In order to investigate the effect of a compromised cytoskeleton on the membrane lipid bilayer, the thermotropic behaviour of normal and ALL ghost lipids was studied. Fluorescence polarization (P) measurements with diphenylhexatriene as a function of temperature, suggested increased mobilities of lipids in ALL ghosts compared to normal erythrocyte ghosts (Table 1) . Values of P were lower in the ALL ghosts compared to the normal ghosts at all temperatures studied. This suggests increased fluidity in the ALL ghost membrane. Malaria parasite invasion, which induces marked alteration in the host cell membrane phospholipids and cytoskeleton proteins, has also been reported to affect membrane fluidity [30] . Trinitrophenylation membranes [13] , or increased transbilayer movement of phospholipids in ALL erythrocytes. These changes are probably induced by the structural abnormalities of the cytoskeleton in ALL erythrocytes, because the transbilayer distribution and the slow transbilayer movement of phospholipids are known to be stabilized by the membrane skeleton [9, 14, [31] [32] [33] . Defects in the erythrocyte membrane have been detected in several cases of anaemia [34] . A decreased proportion of spectrin tetramers and altered transbilayer distribution of phospholipids, with the accumulation of more aminophospholipids in the outer leaflet leading to a compromised erythrocyte with increased membrane fluidity, may be among the factors contributing to the severe anaemia associated with ALL. The results of the present study also raise the possibility that a basic abnormality in ALL may residue in multipotent haemopoietic stem cells that differentiate into erythrocytes.
